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Abstract

Background: Having either a history of benign breast disease, particularly atypical hyperplasia or extensive
mammographic breast density, is associated with increased breast cancer risk. Previous studies have described an
association between benign breast disease histology and breast density. However, whether these features measure
the same risk, or are independent risk factors, has not been addressed.

Methods: This case—control study, nested within the prospective follow-up of the Breast Cancer Detection
Demonstration Project, evaluated both benign histologic and mammographic density information from 347 women
who later developed breast cancer and 410 age- and race-matched controls without breast cancer. Multivariate
logistic regression analyses provided maximum-likelihood estimates of the odds ratios (OR) and 95% confidence
intervals (CI) to evaluate the relative risk of breast cancer associated with each exposure.

Results: Adjusting for mammographic density, the OR for atypical hyperplasia was 2.1 (95% CL: 1.3-3.6), and
adjusting for benign breast histology, the OR for >75% density was 3.8 (95% CI: 2.0-7.2). Women with
nonproliferative benign breast disease and 275% density had an OR of 5.8 (95% CI: 1.8-18.6), and women
with <50% density and atypical hyperplasia had an OR of 4.1 (95% CI: 2.1-8.0).

Conclusions: In this study, both benign breast disease histology and the percentage of the breast area with
mammographic density were associated with breast cancer risk. However, women with both proliferative benign
breast disease and 275% density were not at as high a risk of breast cancer duc to the combination of effects
(p = 0.002) as women with only one of these factors.

mammogram, which is associated with a four- to five-
fold increased risk of developing breast cancer [2-6].

Introduction

In the United States, the number of women who will
develop breast cancer each year continues to increase 1.
In light of the number of women affected with breast
cancer, it becomes increasingly important to understand
the disease and to identify women who might benefit
most from screening. Two separate factors have been
associated with increased risk of developing breast
cancer: (1) having had a benign biopsy with evidence
of atypical hyperplasia, which is associated with a three-
to five-fold increased risk; and (2) having a high
proportion of breast tissue that appears dense on a

The mammographic appearance of breast tissue is
clearly related to features of breast histology. However,
the description of histologic features related to mam-
mographic density has varied in large part due to a lack
of uniform criteria {7, 8]. Mammographic density has
been associated with “adenosis” characterized by intra-
ductal hyperplasia [9], high-grade epithelial abnormal-
ities [10], extralobular fibrosis and epithelial hyperplasia
[11], ductal epithelial hyperplasia and lobular microcal-
cifications [12], and increased collagen/fibrosis and
epithelium [13). Most of these studies indicated an
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association of mammographic density with epithelial
proliferation [10-12], although a few others indicated a
close link with stromal proliferation [13]. An analysis of
women from the Canadian National Breast Screening
Study (NBSS) showed an association between having
extensive mammographic densities with hyperplasia and
atypical hyperplasia/carcinoma in situ [14]. The authors
of the NBSS study proposed that the breast cancer risk
associated with extensive mammographic density may in
part be attributable to the processes that result in
proliferative histologic features [14].

Whether the breast cancer risk associated with pro-
liferative benign breast disease and with mammographic
density reflects a common histologic process is an
important issue that has not been adequately addressed.
If these two different measures of breast tissue mor-
phology are both associated with breast cancer risk,
knowledge of their separatc and combined effects may
help to identify women at particularly high risk of
subsequent breast cancer.

In this case—control study, nested within the prospec-
tive follow-up study of participants in the Breast Cancer
Detection Demonstration Project (BCDDP), both be-
nign histologic data and measured mammographic
density were assessed from information obtained before
diagnosis from 347 women who later developed breast
cancer and 410 age- and race-matched controls without
breast cancer. This study evaluated whether high-risk
histologic subtypes of benign breast disease accounted
for the risk associated with mammographic density. In
addition, this study assessed the combined breast cancer
risk of increased mammographic density with histologic
subtypes of benign breast disease.

Methods

The BCDDP was a nationwide breast cancer screening
program, cosponsored by the American Cancer Society
and the National Cancer Institute, that was conducted
between 1973 and 1980. Over 280,000 women enrolled at
one of 29 centers throughout the United States for
five years of annual breast cancer screening. In 1980,
64,182 BCDDP participants were selected for long-term
follow-up, including the 25,114 women who had a
surgical breast biopsy diagnosed as benign during the
screening phase. These women were followed through
1989. In the first phase of follow-up, conducted between
1980 and 1986, 96% of the eligible women provided
information concerning any breast surgical procedures
and changes in breast cancer risk factors through annual
telephone interviews. Between 1987 and 1989, 85% of
the women who had at least one telephone interview
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completed a mailed questionnaire, which elicited infor-
mation about breast cancer outcomes and changes in
breast cancer risk factors since the last interview.
Extensive tracing efforts included a National Death
Index search of all nonrespondents. In addition, pa-
thology reports were sought for all breast procedures.

The effect of mammographic features on breast cancer
risk among BCDDP participants was previously evalu-
ated in a nested case—control study using subjects from
1974 through 1989 in both the screening and the follow-
up phases [6]. All incident breast cancer cases diagnosed
at least one year after entering the BCDDP screening
program were eligible cases. Controls matched to cases
by study center, age (year of birth), and race were
selected from among women at risk for developing
breast cancer at the time of the cases’ diagnoses.
Mammographic features of the ipsilateral breast were
assessed from the initial prediagnostic screening mam-
mogram for 1880 incident breast cancer cases (73% of
eligible cases) and the corresponding mammogram for
2152 (84% of eligible controls) comparison subjects who
had attended 22 of the 29 original BCDDP centers that
sent the participants’ mammographic images to a central
data repository [6]. From the previous case—control
study [6], the percentage of the breast area with dense
mammographic appearance was assessed by one of three
trained reviewers who marked the arca with dense
mammographic appearance on the caudal mammogram
obtained at the initial BCDDP screening visit. With a
computerized planimeter, the total breast area and the
marked area of density were measured, and the per-
centage of the total breast area with mammographic
density was calculated [6]. The percentage breast density
was categorized as: <10%, 10-49%, 50-74%, and
275%. The assessment of percentage mammographic
density in the previous case-control study also included
a nested validation study. Both intra- and inter-observer
correlation coefficients comparing repeated evaluations
of the continuous measure of percentage density were
approximately 0.9, which indicates the high reliability of
this measure [6].

From the participants in the previous study of
mammographic features, for whom the percentage of
the area of the breast with dense mammographic
appearance was measured, 981 incident cases and 1113
controls were identified through 1989 during the
BCDDP follow-up phase. Of these cases and controls
identified during the follow-up phase of the BCDDP,
532 cases and 600 controls had a previous surgical breast
biopsy at some time during the BCDDP screening phase
(between 1973 and 1980) that was diagnosed as benign.
Even though a benign biopsy provides histologic infor-
mation only from a sample of breast tissue, proliferative
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benign breast disease has generally been associated with
an equivalent risk of breast cancer to either breast, thus
suggesting that the biopsy reflects the overall histology
of the breast tissue as a generalized marker of risk. The
histologic classifications of breast tissue considered in
this study were previously categorized and evaluated by
Carter et al. (1988) in their prospective study of benign
breast disease and breast cancer risk in the BCDDP [15].
At the time of each biopsy a detailed standardized
pathology report form was completed at the BCDDP
screening center. Information from these standardized
pathology report forms was combined into four cate-
gories: (1) atypical hyperplasia, comprising either
lobular epithelial hyperplasia with atypia or ductal
hyperplasia with atypia; (2) proliferative disease without
atypia, which included lobular epithelial hyperplasia
(not otherwise specified), sclerosing adenosis, or ductal
papillary hyperplasia; (3) nonproliferative disease,
which included ductal ectasia, papillary apocrine meta-
plasia or epithelial cyst — with or without apocrine
metaplasia; and (4) other benign breast diseases, includ-
ing congenital or developmental anomaly, acute or
chronic inflammation or abscess, granulomatous in-
flammation, fat necrosis, galactocele, or fibroadenoma.
If a woman had more than one biopsy, the first was
considered. If multiple types of benign breast disease
were indicated, the exposure was classified with priority
assigned according to the order presented above.

Both percentage mammographic density and detailed
histologic information from the biopsy conducted dur-
ing the BCDDP screening phase were available for 347
(65.2%) cases and 410 (68.3%) controls in this nested
case—control study. These surgical biopsies were per-
formed during the BCDDP screening phase, but not
necessarily concurrent with the mammograms evaluated
for this study. Generalized linear models provided
estimates of adjusted mean percentage density across
categories of benign histology among controls.

Unconditional logistic regression models that includ-
ed a continuous measure of age (years) and a categorical
variable for race (white, black, or Asian) provided
maximum-likelihood estimates of the odds ratio (OR)
and 95% confidence intervals (CI). Further analyses
adjusted for the potential categorical confounding
effects of a first-degree family history of breast cancer
(none, one, two or more), drinking alcohol (never, less
than one drink/day, one or more drinks/day), nulliparity
and age at first birth (nulliparous; parous with age at
first birth at: <20 years; 20-24 years; 25-29 years;
230 years), years of education (less than high school,
high school, some college, college degree, graduate
degree), weight at entry to the screening program
(quartiles), menopause status and age at menopause
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(premenopausal; postmenopausal [natural or bilateral
oophorectomy] with age at menopause: <45 years, 45~
49 years, 50-54 years, 55+ years; and other surgical
menopause with unknown age), and use of postmeno-
pausal hormones (never used; used postmenopausal
hormones for: <5 years; >5 years; unknown use or
duration). The joint effects of exposures were evaluated
by creation of a cross-classified variable with a common
reference group. A statistical test of interaction on a
multiplicative scale was performed by treatment of the
exposure variable scores as continuous and evaluation
of the significance of the interaction term in the model.

Results

Both cases and controls in this study had a mean age
of 59.5 years (Table 1). Cases weighed slightly more
than controls, had more years of education, slightly
later age at menopause, more ofien premenopausal,
more often consumed one or more alcoholic drinks per
day, were more likely to have a first-degree family
history, and had a slightly later mean age at first birth
(Table 1).

Among the non-breast cancer cases (controls) in this
study, 23% had nonproliferative disease, 54% had
proliferative disease without atypia, 10% had atypical
hyperplasia, and 13% had other types of benign disease
(Table 2). In this study, 16% of the controls had < 10%
mammographic density, 44% had 10-49% mammo-
graphic density, 31% had 50~74% mammographic

Table 1. Distribution of covariates among cases and controls

Covariates Cases (n = 347) Controls
(n = 410)
Age years® (SD) 59.59.7) 59.5 (9.5)
Weight® Ib (SD) 141.8 (24.9) 140.3 (23.8)
BMI* kg/m? (SD) 24.0 (4.1) 239 (3.8)
Years of education® (SD) 13.4 (2.3) 12.8 (2.4)
Age at menopause™® 48.9 (4.7) 47.9 (6.0)
Premenopausal® 15.0% 13.9%
Natural menopause® 41.8% 43.9%
Surgical menopause® 41.6% 40.5%
Alcohol beverages/day (1 +)° 17.6% 11.2%
Any first-degree family history® 30.5% 21.5%
Nulliparous® 3.2% 3.7%
Age at first birth? 24.1 (4.7) 23.5(4.2)

* Mean and standard deviation.

® Mean and standard deviation of age 4l menopause among
postmenopausal women who had a natural menopause or a bilateral
oophorectomy.

¢ Percentage of cases or controls.

4 Mean and standard deviation of age at first birth among parous
women.
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Table 2. Joint distribution of breast histology and percentage breast
density among controls

Benign histology No.(%) of subjects by percentage  Tota)
breast density
<10% 1049% 50-74% 275%
Nonproliferative 15(16)* 49(52) 25(27) S(5) 9423
disease
Proliferative disease 29 (13) 92 (41) 79 (35) 23(10) 223 [54)
without atypia
Atypical hyperplasia 4 (9) 17(42) 13(32) 7(17) 41][10)
Other 1937 24@46) 9017 - 52[13)
Total 67 (16) 182 (44) 126 (31) 35(9) 410

* Row percentages, in parentheses.
® Column percentages, in square brackets.

density, and 9% had 275% mammographic density. The
proportion of controls with 250% breast density in-
creased with the degree of proliferation, with 31.9% of
those with nonproliferative conditions, 45.7% of those
with proliferative disease without atypia, and 48.8% of
those with atypical hyperplasia having 250% mammo-
graphic density. The mean percentage breast density
among controls increased with the degree of prolifera-
tion from 36.1% for those with nonproliferative condi-
tions, 42.7% for proliferative disease without atypia, to
48.2% with atypical hyperplasia. Women whose breast
tissue was classified as “other” had a mean percentage
breast density of 24.9%. The proportion of controls
with atypical hyperplasia increased from 6% to 20%
as the percentage density rose from <10% to 275%.
Women with “‘other” types of benign conditions had
significantly lower percentage breast density (p < 0.002),
but the age and race adjusted percentage density means
across the other benign histologic types were not
statistically significantly different (p > 0.157).

The analyses of benign histology and breast cancer
risk are presented in Table 3. In analyses controlling
only for age and race, compared with those with
nonproliferative disease, subjects with proliferative dis-
ease without atypia had an OR of 1.3 (95% CI: 0.9-1.9)
and those with atypical hyperplasia had an OR of 2.2
(95% CI: 1.3-3.6). While the histologic classification
was associated with the percentage mammographic
density, additional adjustment for the percentage breast
density had little effect on the ORs for proliferative
lesions without atypia and for atypical hyperplasia
(Table 3). Further adjustment for the breast cancer risk
factors of family history, drinking alcohol, nulliparity
and age at first birth, years of education, weight,
menopause status, age at menopause, and use of
postmenopausal hormones only slightly modified the
magnitude of the associations with benign histology.

C. Byrne et al.

Breast cancer risk also increased with the percentage
of breast area with mammographic density among these
women with benign breast disease. Compared with
women for whom less than 10% of the breast area
appears dense on the mammogram, the ORs were 2.0
(95% CI: 1.2-3.4), 2.8 (95% CI: 1.6-4.7), and 4.1
(95% CI: 2.1-7.8) for those with 10-49%, 50-74%,
and 275% of the breast area that appeared mammo-
graphically dense, respectively (Table 4). Additional
adjustment for the type of benign histology slightly
reduced the effects associated with increased mammo-
graphic density. Further adjustment for family history,
drinking alcohol, nulliparity, age at first birth, years of
education, and weight slightly increased the magnitude
of the associations with increased mammographic
density such that women with 275% mammographic
density had an OR of 4.4 (95% CI: 2.1-9.0).

To determine whether mammographic density was a
breast cancer risk factor across each histologic category
of benign breast disease, and whether the category of
benign breast disease was associated with risk across
each level of breast density, a cross-classified variable
was created with women who had nonproliferative
lesions and <50% breast density as the reference group
(Table 5). Among women with nonproliferative benign
breast disease, risk increased almost six-fold (95% CI:
1.8-18.6) for those with 275% mammographic density.
Breast cancer risk also increased with increasing per-
centage mammographic density, among women with
proliferative benign breast disease without atypia, with
an OR of 1.6 (95% CI: 1.0-2.5) for <50% breast
density, 2.8 (95% CI: 1.5-4.1) for 50-74% breast densi-
ty, and 3.2 (95% CI: 1.6-6.6) for 275% breast density.
However, among women with atypical hyperplasia,
there was no evidence of increased risk with greater
percentage density.

For women with <50% breast density, risk associat-
ed with the benign histology increased with the presence
and severity of epithelial proliferation. Among women
with <50% breast density, those with proliferation
without atypia had an OR of 1.6 (95% CI: 1.0-2.5), and
those with atypical hyperplasia had an OR of 4.1
(95% CI: 2.1-8.0), compared with women with nonpro-
liferative histology. In contrast, for women with >75%
breast density, risk decreased with the presence and
severity of proliferation. Among those women with
275% breast density, the OR was 5.8 (95% CI: 1.8
18.6) from the 11 cases and five controls with nonpro-
liferative histology, 3.2 (95% CI: 1.6-6.6) from the 29
cases and 23 controls with proliferation without atypia,
and 2.1 (95% CI: 0.6-7.0) from the six cases and seven
controls with atypical hyperplasia, compared with
those with nonproliferative histology and < 50% breast
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Table 3. Breast cancer risk by benign breast disease histology
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Benign histology Cases Controls OR® OR® OR¢

(95% CI) 95% CI) (95% CI)
Nonproliferative disease 62 94 1.0 1.0 1.0
Proliferative disease without atypia 198 223 1.3 (0.9-1.9) 1.3 (0.9-1.9) 1.2 (0.8-1.8)
Atypical hyperplasia 58 41 2.2 (1.3-3.6) 2.1 (1.3-3.6) 2.1 (1.2-3.6)
Other 29 52 0.8 (0.5 1.49) 09 (0.5-1.7) 0.8 (0.4-1.5)

* Logistic regression model includes age and race.

® Logistic regression model includes percentage breast density, age, and race.
¢ Logistic regression mode] includes percentage breast density, age, race, family history, drinking alcohol, nulliparity and age at first birth,
years of education, weight, menopause status, age at menopause, and use of postmenopausal hormones. (Due to missing covariates, five cases and

five controls were excluded from the full model analyses.)

Table 4. Breast cancer risk by percentage breast density

Percentage breast Cases Controls OR* OR® OR®
density (95% CI) (95% CI) (95% CI)
<10 26 67 1.0 1.0 1.0

1049 143 182 20(1.2-3.9) 1.9 (1.1-3.2) 2.0(1.2-3.5)
50-74 127 126 2.8 (1.6-4.7) 2.6 (1.5-4.5) 3.0 (1.7-5.9)
275 51 35 4.1 (2.1-7.8) 38(2.0-7.2) 4.4 (2.1-9.0)

* Logistic regression model includes age and race.
® Logistic regression model includes benign histology, age, and race.

¢ Logistic regression model includes benign histology, age, race, family history, drinking alcohol, nulliparity and age at first birth, years of
education, weight, menopause status, age at menopause, and use of postmenopausal hormones. (Due to missing covariates, five cases and five

controls were excluded from the full model analyses.)

Table 5. Breast cancer risk by benign breast disease histology and percentage breast density

Benign histology category Percentage breast density

<50

50-74 275

Nonproliferative
Proliferative without atypia
Atypical hyperplasia

1.0% (- ); 26/63°
1.6 (1.0-2.5); 88/119
4.1 (2.1-8.0); 36/21

2.5 (1.3-5.1)"; 24/23
2.5 (1.5-4.1); 78/79
3.0 (1.3-7.0); 16/13

5.8 (1.8-18.6); 11/5
3.2 (1.6-6.6); 29/23
2.1 (0.6-7.0); 6/7

* Reference category. All results adjusted for age, race, family history, drinking alcohol, nulliparity and age at first birth, years of education,
weight, menopause status, age at menopause, and use of postmenopausal hormones.

> 959, confidence interval.
¢ Number of cases/number of controls in each category.

density. The test of the multiplicative interaction term
between the three categories of benign breast disease
and the three levels of percentage breast density was
significant at p = 0.002.

Discussion

While other studies have evaluated the association
between benign breast histology and mammographic
features [9-13), this is one of the first studies to evaluate
the separate and joint effects of these factors on breast

cancer risk. In this study, benign breast disease histology
and measured percentage of the breast area with
mammographic density appeared to be distinct breast
cancer risk factors. The risk associated with benign
breast disease histology was not explained by the effects
of percentage breast density (Table 3), and the risk
associated with increased percentage breast density was
not explained by the benign breast disease histology
(Table 4). Furthermore, the breast cancer risks associ-
ated with histologic types of benign breast disease and
percentage breast density were not explained by effects
of nulliparity and age at first birth, first-degree family
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history of breast cancer, years of education, alcohol use,
body weight, menopause status, age at menopause, and
use of postmenopausal hormones (Tables 3 and 4).
Having a high percentage breast density (275%) was
associated with almost a six-fold greater breast cancer
risk among women with nonproliferative benign breast
disease, and atypical hyperplasia was associated with a
greater than four-fold rise in risk among women with
<50% breast density (Table 5). However, the effects of
percentage breast density seemed to modify the effects
associated with atypical hyperplasia, and the effects
associated with proliferative benign breast disease and
atypical hyperplasia seemed to modify the effects asso-
ciated with having >75% breast density (Table 5).

On a mammogram, epithelial and stromal tissue
appears dense compared to the translucent appearance
of fat. Thus, a mammogram provides an image of the
entire breast from which the percentage of the breast
with mammographic density reflects the relative degree
of epithelial and stromal tissue compared with fat in the
breast. Several theories have been proposed to explain
the association between greater percentage breast den-
sity and increased breast cancer risk. Trichopoulos and
Lippman [16] have suggested that the association
supports the hypothesis of the importance of the
number of epithelial cells in the etiology of breast
cancer. In contrast, others have proposed that the
increase in stromal proliferation is likely to explain the
association between percentage breast density and
breast cancer risk {7]. The results of this study cannot
definitively differentiate between these hypotheses.
However, since the risk associated with the mammo-
graphic measure of percentage density was not explained
by the risk associated with the histologic measure of
epithelial proliferation, the results of this study support
the theory that mammographic density may reflect an
increased proliferation of stromal tissue.

Other studies have reported a similar increase in risk
with increased mammographic density [17-20]. This
study was a subset of a larger case—control study nested
within the screening and follow-up phases of the Breast
Cancer Detection Demonstration Project (BCDDP) in
which the initial screening mammogram was assessed
for 1830 cases and 2152 controls [6). All cancers
diagnosed within one year of the initial mammogram
were excluded from this larger study, to eliminate the
potential bias in assessing the mammographic features
from the ipsilateral breast. The relative risks for breast
cancer associated with increased mammographic density
in the subset analyses presented in this paper were of
similar magnitude to those from the larger case—control
study, which indicates that this subset was not a biased
sample with regard to the mammographic effects. The
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techniques for assessing the percentage of the breast
with dense mammographic appearance have varied
across studies [21]. Some studies used a visual estimate
to categorize the percentage of the breast with mam-
mographically dense appearance {17, 22), while others
measured the area of the breast and the area of density
to calculate the percentage of the breast with mammo-
graphic density with a manual planimeter {18, 19], a
computerized planimeter [6], or a digitized computer
image [5, 20]. While still requiring an element of
subjective evaluation, the computerized planimeter
measurement of the marked areas used for this substudy
provided a continuous measure of percentage breast
density and was shown in the larger study to have a high
intra- and inter-observer correlation coefficient. Since
the observers were blinded to the subsequent case-
control status of the subjects, any misclassification of
the measure would likely have biased effects towards the
null.

Proliferative epithelial lesions, particularly atypical
hyperplasia, have been associated with increased breast
cancer risk in a number of studies [15, 23, 24]. From a
study of over 3000 biopsies with up to 24 years of
follow-up, Dupont and Page reported that women with
proliferative disease without atypia had a relative risk
(RR) of 1.9 (95% CI: 1.2-2.9), and those with atypical
hyperplasia had a RR of 5.3 (95% CI: 3.1-8.8) com-
pared with those who had nonproliferative disease [25).
Similarly, Carter e al. reported that women with
proliferative disease without atypia were at moderately
increased risk (RR = 1.9, 95% CI: 1.5-2.4), and wom-
en with atypical hyperplasia were at the highest breast
cancer risk (RR = 3.0,95% CI: 2.1-4.1) [15]. This large
prospective study of 16,692 women who had a surgical
breast biopsy diagnosed as benign during the BCDDP
screening phase, conducted by Carter ef a/., was the
source population for the nested case-control study
presented in this paper {15].

While the cases and controls for the study presented in
this paper were sampled from the women in the
prospective analyses, the magnitude of the effects
associated with proliferative lesions and with atypical
hyperplasia in this case-control study were slightly
lower than that reported by Carter er al. {15] for this
population (OR = 2.2 [95% CI: 1.3-3.6] in this study
vs. RR = 3.0, {95% CI: 2.1-4.1] in the previous study).
There are several plausible reasons for these slight
differences. Due to the small numbers of subjects in the
case-control study, sampling variation may explain the
differences, especially since our 95% confidence intervals
include the original effects. Alternatively, it is possible
that the association with benign breast histology differed
among women for whom mammographic information
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was available. This latter reason seems unlikely since
analyses conducted among the eligible cases and con-
trols for whom mammographic data were not available
revealed relative risks of 2.2 (95% CI. 1.1-4.1) for
proliferative lesions without atypia and 2.2 (95% CI:
0.9-5.5) for atypical hyperplasia. The third and most
likely explanation for the slight differences in magnitude
of effects is the difference in time between the biopsy and
breast cancer in the two analyses. The large prospective
analysis evaluated the cancers diagnosed starting
six months after the biopsy (diagnosed between August
1973 and February 1986). In the present nested case—
control substudy, only breast cancer cases diagnosed
after the last BCDDP screening visit (in 1980) were
included. Thus, as the cohort aged, these analyses
included a higher proportion of postmenopausal breast
cancer cases and fewer premenopausal cases among
whom atypical hyperplasia has a stronger impact. If the
association between proliferative lesions and breast
cancer risk decreases with time, as suggested by Dupont
and Page [26], then excluding the cases diagnosed during
the earlier screening phase would likely explain the
lower relative risks in the case-control analysis.

From this study, the joint effects of benign breast
disease histology and increased breast density were less
than expected (p = 0.002), given the separate effects of
benign breast disease histology among women with
<50% breast density and the effects of increased
percentage breast density for those with nonproliferative
benign breast disease. While this effect modification may
be a spurious finding due to the small numbers
evaluated in this study, even the upper level of the wide
confidence levels (0.7-8.9) for those with both factors
indicates risk no greater than additive for the combined
effects of high breast density and atypical hyperplasia. A
better understanding of the joint effects of benign breast
disease histology and percentage mammographic densi-
ty will be an important step towards identifying which
women with proliferative benign breast disease are at
particularly high risk.
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